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 Black populations experience the highest incidence and prevalence of HIV in the United 
States. It has been posited that numerous structural and psychosocial factors contribute to HIV 
disparities among Black populations, these factors can have an adverse effect on healthcare 
utilization, including HIV testing. Given the burden of HIV rates among Black men, especially 
Black gay and bisexual men, it is important to consider possible barriers to HIV testing in this 
population. Syndemic theory posits a mutually reinforcement of social and structural conditions 
that cumulatively affects disease outcomes. While syndemic theory has been applied to HIV 
acquisition, this framework has not been utilized for HIV testing. We tested for a syndemic of 
depression, poverty, and a lack of healthcare access impacting HIV testing and tested sexual 
identity as a moderator of healthcare access in a nationally representative sample of Black men. 
Participants with 2 or 3 syndemic factors were significantly more likely to have never 
been HIV tested compared to those with 0 or 1 (49.2% to 31.7%). Having 3 syndemic factors 
was associated with greater prevalence of never having been HIV tested (aPR=1.46, 95% CI 
1.09, 1.95). Gay/bisexual identity moderated the association between health insurance and ever 
having been HIV tested in adjusted models (aPR=4.36; 95% CI 1.40, 13.62), with not having 
health insurance being associated with HIV testing among gay/bisexual participants only 
(aPR=4.84, 95% CI 1.19, 19.70). Using latent class analysis, four syndemic classes were 
 
 
identified as significant predictors of having never been HIV tested. In adjusted log-binomial 
models, compared to the class with the lowest proportion of syndemic factors, the highest 
prevalence of never having been HIV tested was among the class with the highest proportions of 
syndemic component factors (aPR=2.27, 95% CI 1.83, 2.82). Overall, there is evidence of a 
syndemic of depression, poverty, and a lack of healthcare access that negatively affects HIV 
testing among Black men, with a lack of healthcare access being a significantly greater barrier to 
HIV testing among gay/bisexual men compared to heterosexual men.  
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Chapter 1 - Introduction 
 
Background and Rationale 
Sexually transmitted infections (STIs) are the most common notifiable infectious disease 
in the United States1. Reportable sexually transmitted infections, including gonorrhea, 
chlamydia, syphilis, and human immunodeficiency virus (HIV), are patterned by race, with 
Blacks in the United States (US) being the most affected racial group across all of the 
aforementioned infections1. In the US, Black men who have sex with men (BMSM) are the most 
affected by sexually transmitted infections (STIs), including gonorrhea, chlamydia, syphilis, and 
HIV1, 2. HIV incidence in particular has been steadily increasing in this population, with BMSM 
ages 13-29 years having the largest estimated increase in HIV incidence between 2006 and 
20102. BMSM face several risk factors that intersect, putting them at heightened risk for STIs, 
including discrimination and multiple discrimination-related stressors3-5. Furthermore, many 
BMSM experience syndemics, groups of mutually reinforcing psychosocial factors associated 
with several adverse health outcomes, related to HIV5-7. There has been an increased emphasis 
on exploring psychosocial and structural explanations for disparate rates of HIV in this group8. 
For example, there are unique social and structural factors, such as poverty and discrimination 
that BMSM may face that help explain these disparities8-12. 
Testing is a core component of HIV prevention, as this allows for initiation of 
treatment13. The majority of HIV infections among high-risk groups, particularly MSM are 
primarily transmitted by individuals who are not aware of their HIV status. Additionally, 
initiating highly active antiretroviral therapy for HIV positive individuals has not only been 
shown to lead to more optimal health outcomes among the individuals on treatment, but also 
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substantially reduces the ability to transmit HIV to others14, 15. For this reason, the treatment as 
prevention (TaP) strategy is now a cornerstone of HIV prevention. More broadly, there is an 
increased focus on minimizing the time between initial HIV infection and diagnosis. CDC 
guidelines recommend yearly HIV testing for heterosexual men and testing every six months for 
all sexually active gay and bisexual men; it is estimated however that up to 20% of HIV positive 
individuals are unaware of their status2, 16.  
There are several potential barriers to HIV testing, including multiple psychological 
barriers, such as depression, anxiety, lack of perceived risk, and confidentiality concerns17, 18. 
Additionally, there are structural barriers to HIV testing (e.g. finding the time to test, overall 
inconvenience, returning for results and the cost and location of testing services)17-19. Strategies 
to deliver HIV testing services to high risk populations have increasingly emphasized reducing 
barriers to testing as a core component of both national and community-based public health 
interventions.  
Evaluating HIV testing behavior as an outcome helps to identify characteristics of those 
who do not receive HIV testing. Those who do not utilize HIV testing represent an at-risk 
population that could not be reliably studied if our outcome were HIV positivity. Additionally, 
those who do not utilize HIV testing include positive individuals who are unaware of their status; 
undiagnosed HIV positive individuals have the highest transmission rates due to the absence of 
treatment and thus a failure to reach undetectable viral loads14. 
Because of the scope of the epidemic of HIV, a major focus of public health research is 
finding effective methods to reduce incidence of HIV in marginalized populations20-23. Public 
health strategies in reducing incidence of HIV employ the investigation of several different risk 
factors, which include various social determinants of health8-11, 24, 25. These social determinants 
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are also particularly relevant when examining HIV among high risk racial groups, as there is no 
biological explanation for racial disparities in rates of HIV infection. While the aforementioned 
barriers are not entirely unique to Black individuals or sexual minorities, these barriers may 
contribute to disparities in HIV testing. Additionally, within the Black male population, it is not 
entirely clear how barriers to HIV testing differ between gay/bisexual men and heterosexual 
men, and if this has a differential impact on HIV testing between these subgroups of men. 
 
Objective of the Research 
The following studies examine psychosocial and structural barriers to HIV testing using 
multiple methods, including examining the cumulative syndemic effects of these barriers on HIV 
testing behaviors. For study 1, the factors of interest are healthcare access, depression, and 
poverty. While these studies do not utilize behavioral factors such as substance use and sexual 
risk taking, which are commonly used in syndemic theory, no studies have been established these 
factors as independent barriers to HIV testing. Socioeconomic factors, healthcare access, and 
mental health are not only mutually reinforcing, but are also independently associated with HIV 
testing, making these factors more suitable for syndemic theory in studying HIV testing 
outcomes. Study 2 examines the association between healthcare access and HIV testing, and how 
sexual identity moderates this association. Grounded in minority stress theory, barriers to 
healthcare may affect HIV testing behaviors among Black gay and bisexual men differently than 
they would for Black heterosexual men26.  Study 3 also examines healthcare access, depression, 






Syndemic theory posits that mutually reinforcing psychosocial factors have a cumulative 
impact on HIV/STI-related risk outcomes6, 7, 27-29. Healthcare access, poverty, and depression 
have been shown in previous studies to be mutually reinforcing; for instance, poverty is 
associated with mental health30. Based on this framework, it is hypothesized that there will be 
evidence of a syndemic of poverty, depression, and low healthcare access associated with a 
higher prevalence of never having been HIV tested among Black men. Specifically, it is 
hypothesized that poverty, depression, and low healthcare access will be correlated with one 
another, and it is hypothesized that a higher syndemic index will be associated with higher 
prevalence of never having been HIV tested. Additionally, it is hypothesized that latent classes 
with higher probabilities of poverty, depression, and low healthcare access will be associated 
with greater prevalence of never having been HIV tested. 
The rationale for testing for effect modification by sexual identity is grounded in 
Minority Stress Theory26. Minority stress theory posits that health disparities among sexual 
minority populations, such as gay and bisexual populations, are primarily explained by multiple 
stressors created in a discriminatory and prejudiced culture. This leads to experiences of 
discrimination, expectations of rejection, and internalized homophobia. These stressors may 
impact healthcare experiences, causing healthcare experiences to differ among Black sexual 
minority men compared to Black heterosexual men since these stressors exist in a context of a 
homophobic culture. We hypothesize that sexual identity will modify the association between 





Innovation and Significance 
This research is a novel and innovative approach to examining how psychosocial factors 
affect HIV testing among Blacks in the United States and may provide valuable insight into how 
sexual minorities and heterosexuals differ by these factors within the Black population. The use 
of latent class analysis can identify unique combinations of risk factors that would not be 
detectable using conventional cumulative indices. This may better serve syndemic research aims 




Chapter 2 – Methods 
 
Study Design  
Data Source 
All three studies utilize a cross-sectional study design, sampling from the Behavioral 
Risk Factor Surveillance System (BRFSS), a nationally representative cross-sectional telephone 
survey of approximately 400,000 adult participants in the United States. Data from this survey 
are weighted and collected using a stratified and clustered design. The BRFSS has been used in 
several sociological and epidemiological studies. Compared to previous iterations, the 2014 and 
2015 BRFSS collect both land-line and cell-phone data, allowing access to more varied 
populations than a solely land-line phone survey will. This survey has multiple measures, which 
cover both psychosocial, behavioral, and structural risk factors. There are several measures of 
mental health and healthcare access in particular, as well as HIV testing. For these reasons, this 
dataset is an ideal choice to study the exposure variables of interest. Study 1 and 3 utilize 2015 
data only. Study 2 pools 2014 and 2015 data, as both of these years include all of the healthcare 
access and sexual identity measures needed. 
 
Participants and Criteria for Selection  
 This study is limited to Black men, ages 18 to 54, who self-identify either as straight 
(heterosexual), gay, or bisexual. Women, men of other races, and participants who did not report 
sexual identity are excluded from this study. Among Black men in the total dataset, 
approximately 97% self-identified with one of the aforementioned sexual identities. 
 
Outcome Variable  
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 The outcome variable for all three studies is never having been HIV tested 
(0=”Previously tested,” 1=”Never tested”). There may be some challenges with recall of HIV 
testing for those who have not been HIV tested in several years. The benefit to this measure 
however is that it may be easier to recall accurately than a frequency based measure, and will not 
vary within subject over time in the same way a frequency based measure will. Multiple studies 
have utilized this measure of HIV testing31-33. 
 
Exposure Variables  
The psychosocial and structural factors to be tested as part of a syndemic include ever 
having been diagnosed with depression (0=”Never diagnosed,” 1=”Ever diagnosed”), poverty 
status (0=”No,” 1=”Yes”), and a combined healthcare barriers scale (ranging from 0 to 4). 
Poverty status was calculated using reported household income, and number of adults and 
children in the household. United States poverty thresholds for 2015, based on number of adults 
and children in the household, will be used to assign poverty status. The combined healthcare 
barriers scale was calculated by summing four healthcare barrier measures. These measures were 
having no health insurance (0=”No,” 1=”Yes”), not being able to see a doctor due to cost 
(0=”No,”1=”Yes”), not having a personal doctor (0=”No,” 1=”Yes”), and length of time since 
last routine checkup (0=”Within past year,”1=”Not within past year”). These four measures 
demonstrated moderate internal consistency (Cronbach’s alpha=0.6). The combined healthcare 
barriers scale was dichotomized at its median (categories 0 to 1, 2 to 4) to allow for coding 
equivalence with the other syndemic component factors and minimize the allocation ratio of the 
variable for optimum statistical power. In the third study utilizing latent class analysis, each 
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healthcare access measure was utilized as an individual predictor in generating latent classes 
rather than a summed scale. 
 
Potential Confounders and Effect Modifiers 
 Sexual identity, the effect modifier of interest in study 2, is coded as ”Heterosexual”  and 
”Gay/Bisexual”. Differences between gay and bisexual participants could not be assessed due to 
an insufficient sample size. Grounded in minority stress theory, we are examining differences 
between individuals victimized by a homophobic culture (gay and bisexual people) and those 
who are not (heterosexual people), so the combining of gay and bisexual people is not 
substantially problematic. There are limitations to the sexual identity measure however, as there 
are more sexual identities that are not encompassed in this coding. Also, some BMSM may self-
identify as heterosexual, leading to misclassification. Other BMSM may not self-identify with 
any of these choices, and may more closely self-identify with an identity such as same-gender 
loving, though it should be noted that approximately 97% of participants in the original sample 
did self-identify either as heterosexual, gay, or bisexual. There is a substantial limitation in the 
misclassification of gay/bisexual men who may identify as heterosexual, possibly to avoid 
homophobic stigma. 
Covariates analyzed across all studies included education (Less than high school, High 
school, Some college, College graduate), age group (18 to 24, 25 to 34, 35 to 44, and 45 to 54), 
marital status (married, not married), and survey year (2014, 2015). Due to small sample sizes in 
the smallest categories for education and age, in study 1 and 3 education had to be collapsed into 
3 categories (High school or less, Some college, College graduate) to achieve convergence using 
log-binomial modeling. Similarly, in study 3 age also had to be collapsed into 3 categories (18 to 
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34, 35 to 44, 45 to 54) to achieve convergence using log-binomial modeling. Household income 
and survey mode were also considered as covariates in study 2, though this did not change the 
effect estimates of any of the healthcare access measures by more than 10%, so it was not 
included in the model as a confounder. Survey year did not change the effect estimates of the 
length of time since last routine checkup by 10% or more either; though it was appropriate to 
include since data was pooled across years in study 2. 
 
Statistical Approaches 
Power analysis  
 For Welch’s independent samples t-test, a power analysis was used to determine the 
sample size needed to achieve reasonable power (0.80) using the proposed analytic methods and 
a range of effect sizes. Cohen’s suggestions for a small and moderate effect size d (0.2, and 0.5 
respectively) will be used to determine power. Sample allocation ratios (n1/n2) ranging from 1 to 
9 will be considered. 1 represents identical allocation between groups, while 9 is an extreme 
where 90% of participants are in one group. 
At the small effect size d=0.2 and an allocation ratio of 1, a sample size of 788 will be 
needed to achieve a power of 0.80. At an extreme allocation ratio of 9 however, for a small effect 
size d=0.2 a total sample size of 2185 is needed to achieve a power of 0.80. While we will 
achieve this sample size within the stratum of Black heterosexual men, we are unlikely to 
achieve this sample size within the stratum of Black gay and bisexual men, as the sample of gay 
and bisexual men are likely to be much smaller than that of Black heterosexual men. 
At a moderate effect size d=0.5 and an allocation ratio of 1, a total sample size of 128 
will be needed to achieve a power of 0.80. Even at an extreme allocation ratio of 9, for a 
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moderate effect size d=0.5 a total sample size of only 353 is needed to achieve a power of 0.80. 
It appears that a moderate effect size will most likely be needed to detect differences among 
those who have and have not been HIV tested within the stratum of Black gay and bisexual men. 
For the chi-square test, a power analysis was used to determine the sample size needed to 
achieve reasonable power (0.80) using a range of effects sizes. w=0.1 was be used for a small 
effect size and w=0.3 for a moderate effect size to determine power. 
For a small effect size w=0.1, a total sample size of 785 is needed to achieve a power of 
0.80. For a moderate effect size w=0.3, a total sample size of 88 is needed to achieve a power of 
0.80. Similar to the previous Welch’s independent samples t-test power analysis, it appears that 
for the larger sample of Black heterosexual men, even small effect sizes will be reliably 
detectable with reasonable power. Among the sample of Black gay and bisexual men however, a 
moderate effect size will most likely be needed to achieve reasonable power. All power analyses 
were conducted using GPower 3.0.10. There was less than 3% nonresponse across every variable 
except income, which had 7% nonresponse. There was no association between income 




 For all studies, bivariate analyses were conducted using the Rao-Scott chi square test. 
This was used to test differences in proportions of each psychosocial factor between men who 
have never been HIV tested and men who have been HIV tested. The Rao-Scott modification of 
the Chi Square test was used because it allows for the analysis of stratified and clustered data. 
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For the first study, correlations between all of the psychosocial factors were assessed by 
generating a correlational matrix. Phi coefficients were generated between all of the 
aforementioned variables. Significance of correlations was assessed for all variables using t 
statistics generated from the correlation coefficients. A cumulative psychosocial index (ranging 
from 0 to 3) was measured and tested between those who have ever been HIV tested and those 
who have not using the Rao-Scott chi-square test. 
 
Model Specifications 
For the first study, log-binomial models were used to generate prevalence ratios 
comparing the outcome at each level of the syndemic component index. Both an unadjusted 
model and a model adjusted for age, education, and marital status were generated. Additionally, 
unadjusted and adjusted models were generated including depression, poverty, and healthcare 
barriers as individual terms in the models. This allows for comparing the effects of each of these 
factors independent of the others, in contrast to the combined syndemic index.  
For the second study, multivariate log-binomial regression modeling was used to generate 
prevalence ratios controlling for covariates, utilizing an interaction term for sexual identity and 
each of the three measures of healthcare access. 
For the third study, log-binomial models were used to generate prevalence ratios 
comparing each predicted latent class to the reference class. The reference class is the class with 
the lowest probabilities of syndemic component factors. Both an unadjusted model and a model 





Assessment of Model Assumptions 
For all studies, variance inflation and outliers were assessed by measuring the variance 
inflation factors and leverages respectively; there was no evidence of variance inflation (VIF<10) 
and no overly influential data points for any of the models. Covariance was assessed by 
calculating the variance inflation factor of each term; there was no evidence of covariance in any 
of the models. Outliers were assessed by examining the leverages of each observation; there was 
no evidence of overly influential points. As there were no continuous terms used in any of the 
models, there was no linearity assumption. 
 For the third study, a latent class model with 4 classes was used to test the 
unidimensionality assumption of a cumulative syndemic index. The factors studied were the 
same factors as in study 1. The patterns in probabilities of each psychosocial factor across each 
of the latent classes will indicate if the factor combinations reflect a unidimensional syndemic. 
To test the fit of a 4 class model, additional models with 3 and 2 classes were generated. A 
Likelihood Ratio Test was used to test if the 4 class model was a significantly better fit compared 
to the 3 class model, and I the 3 class model was a significantly better fit than the 2 class model. 
Demographic covariates and ever having been HIV tested was compared across each of the four 
latent classes. Additionally, log-binomial regression models were used to generate prevalence 
ratios for each latent class and covariates. Latent classes were generated in R 3.4.0 using the 
LCCA package, as this package allows for the incorporation of stratified and clustered data used 






Overall Study Strengths and Limitations  
 A strength of the study is the large sample size and use of a nationally representative 
dataset. This helps to maximize the generalizability of the study. Additionally, examining 
differences between gay/bisexual men and heterosexual men in this study can provide additional 
information on how psychosocial factors affect HIV testing in ways that previous studies have 
not. This can help to fill some gaps in the literature on HIV research. 
An inherent limitation in the cross-sectional study design is the inability to assess 
temporality. There is some limitation in the exclusion criteria of self-reporting sexual identity. 
Individuals who are gay or bisexual may be more likely to report as heterosexual or refuse the 
question altogether due to stigma and discrimination targeted towards sexual minorities. Gay and 
bisexual participants reporting as heterosexual are likely to bias measured correlations towards 
the null. For those who decline to answer the question, it is difficult to determine how this may 
bias results, as it cannot be reasonably ascertained how those participants differ across 
psychosocial factors from gay and bisexual men who participated in the study. While the BRFSS 
is a large dataset, the subsample of Black gay and bisexual men is likely to be very small; this 
can create some limitations in statistical analyses. As mentioned with some of the variables, 
social desirability bias is a limitation due to the sensitive subject matter. The mode of the study 
also presents some limitations, as telephone surveys may exclude populations such as the 
homeless. A strength however is the use of both cellphone and land-line phones, as the 
populations of cellphone and land-line users are substantially different across several 
socioeconomic variables, especially across age. 
14 
 




 Black populations in the United States are disproportionately affected by HIV. These 
disparities may be driven by psychosocial and structural barriers to HIV testing which prevent 
initiation of the HIV care continuum, leading to undiagnosed infection and thus prolonged HIV 
transmissibility. Using data from a sample of 1,829 Black men in the 2015 Behavioral Risk 
Factor Surveillance System (BRFSS) we tested for differences in psychosocial and structural 
factors between Black men who had ever been HIV tested and those who have not, including 
testing for a syndemic of low healthcare access, depression, and poverty. Poverty status was 
associated with never having been HIV tested (Φ=.17, p<.001), 2 or more healthcare barriers 
(Φ=.10), and having had a diagnosis of depression (Φ=.19, p<.001). Having been diagnosed with 
depression was also associated with having 2 or more healthcare barriers (Φ=.08, p<.001). 
Participants with a syndemic factor index of 2 or 3 were significantly more likely to have never 
been HIV tested compared to those with an index of 0 to 1 (49.2% compared to 31.7%), 
consistent with a syndemic. A syndemic index of 3 was significantly associated with greater 
prevalence of never having been HIV tested in both unadjusted log-binomial regression models 
(PR=2.06, 95% CI 1.20-3.54) and models adjusted for age, education, and marital status 
(aPR=1.46, 95% CI 1.09-1.95). This study utilizes a novel approach to understanding how Black 
men who have never been HIV tested may be affected by the accumulation of poverty, mental 






HIV remains a global epidemic, with notable racial disparities affecting Black 
populations in the United States16. Because of this, it is critical to identify potential psychosocial 
barriers to HIV testing in this population in order to effectively combat the HIV epidemic. A 
substantial proportion of HIV positive individuals are unaware of their status, ranging as high as 
20% by some CDC estimates2, 16. Given the disparately high HIV rates, it is important to 
consider and describe the possible barriers to HIV testing among Black populations. HIV testing 
is the first step in the initiation of HIV treatment, which not only reduces the communicability of 
HIV but also helps prevent progression to AIDS14, 15. For this reason, testing is an extremely 
important component to managing existing cases as well as preventing new ones. As such, 
barriers to testing need to be well understood, especially in high-risk populations. 
Many social and structural factors contribute to health disparities within Black 
populations4, 5, 10, 36-38. In addition to social/structural risk factors faced by Black sexual 
minorities, many studies illustrate how HIV-related outcomes among Black heterosexual men are 
affected by social and structural contexts, as well39-41. Mental health outcomes have been shown 
to impact multiple HIV-related outcomes; depression is significantly associated with more 
frequent condomless sex,  more substance use,  and lower adherence to antiretroviral 
medications29. Poverty can affect HIV testing behaviors through multiple channels, including 
lack of healthcare access, as well as a lack of HIV testing information and resources in 
impoverished areas42, 43. A study conducted by Gwads et al. found that a lack of HIV testing 
access and poverty were both associated with lower odds of recent HIV testing among a sample 
of Black and Latino heterosexuals43. As HIV testing is primarily delivered through healthcare 
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providers, access to healthcare is an important factor that impacts HIV testing behaviors among 
Black populations44. 
Syndemic theory posits that mutually reinforcing psychosocial factors have a cumulative 
impact on HIV/STI-related risk outcomes6, 7, 27-29. Healthcare access, poverty, and depression 
have been shown in previous studies to be mutually reinforcing; for instance, poverty is 
associated with mental health30. The correlation among these variables may provide support for 
examining these factors as part of a syndemic. A common method used in syndemic research is 
to examine a cumulative index of these factors7. Understanding differences between the 
populations of those who have been tested for HIV and those who have not can inform public 
health policy in promoting HIV testing in this population.  
The objective of the study is to test for differences in depression, poverty status, and 
healthcare barriers between Black men who have ever been HIV tested and those who have 
never been HIV tested. Differences in a cumulative index of these three factors between Black 
men who have ever been HIV tested and those who have never been HIV tested will also be 
tested. Each of these factors have been shown in the literature to be associated with each other as 
well as associated with HIV testing, though this has not been studied in a nationally 
representative sample of Black men. The application of syndemic theory to understanding HIV 
risk factors among high risk populations predominantly focus on risk of HIV acquisition as the 
primary outcomes of interest7, 27. This study can further contextualize differences in HIV testing 
within the population of Black men. This approach has not been utilized in studying HIV testing 







This is a cross-sectional study design examining data from the 2015 Behavioral Risk 
Factor Surveillance System (BRFSS), a nationally representative cross-sectional telephone 
survey of approximately 400,000 adult participants in the United States. Data from this survey is 
weighted and collected using a complex stratified and clustered design. Compared to previous 
iterations, the 2015 BRFSS collected both land-line and cell-phone data, allowing it to reach 
more varied populations that a purely land-line phone survey will. As some of the modules 
containing variables of interest were optional for each site in the data collection process, only the 
interviews where modules including the variables of interest were used were included for this 
study. All states were represented in the optional modules. There was less than 3% nonresponse 
across every variable except income, which had 7% nonresponse. There was no association 
between income nonresponse and any of the variables used in the study however, so a complete-
case analysis was used. 
 This study is limited to Black men, ages 18 to 54 years of age, who self-identify either as 
straight (heterosexual), gay, or bisexual. Women, men of other races, and participants who did 




The outcome variable is ever having been HIV tested (No, Yes). This measure may be 
easier to recall accurately than a frequency based measure, and will not vary within subject over 
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time in the same way a frequency based measure will. Multiple studies have utilized this measure 
of HIV testing31-33. 
The psychosocial and structural factors included depression (Never diagnosed, Ever 
diagnosed), poverty status (Not in poverty, In poverty), and a combined healthcare barriers scale 
(ranging from 0 to 4). Poverty status was calculated using reported household income, and 
number of adults and children in the household. United States poverty thresholds for 2015, based 
on number of adults and children in the household, was used to assign poverty status. The 
combined healthcare barriers scale was calculating by adding four healthcare barrier measures. 
These measures were not having health insurance (Has Insurance, Has no insurance), not being 
able to see a doctor due to cost (Has never occurred, Has occurred), not having a personal doctor 
(Has personal doctor, has no personal doctor), and length of time since last routine checkup 
(Within past year, Not within past year). These four measures demonstrated moderate internal 
consistency (Cronbach’s alpha=0.60). The combined healthcare barriers scale was dichotomized 
at its median (categories 0 to 1, 2 to 4) to allow for coding equivalence with the other syndemic 
component factors. Covariates included age (categories 18 to 24, 25 to 34, 35 to 44, and 45 to 
54), education level (categories high school or less, some college, and college graduate), and 
marital status (Not married, Married). Due to the small sample size among gay/bisexual 




A Rao-Scott chi-square test was used to test differences in proportions of each 
psychosocial/structural factor and demographics between men who have never been HIV tested 
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and men who have been HIV tested. The Rao-Scott modification of the Chi Square test was used 
because it allows for the incorporation of stratified and clustered designs. Correlations between 
all of the psychosocial factors were assessed by generating a correlational matrix. Phi 
coefficients were generated between all of the aforementioned variables. Significance of 
correlations was assessed for all variables using t statistics generated from the correlation 
coefficients. A cumulative psychosocial index (ranging from 0 to 3) was measured and tested 
between those who have ever been HIV tested and those who have not using the Rao-Scott chi-
square test. 
Log-binomial models were used to generate prevalence ratios comparing the outcome at 
each level of the syndemic component index. Both an unadjusted model and a model adjusted for 
age, education, and marital status were generated. Additionally, unadjusted and adjusted models 
were generated including depression, poverty, and healthcare barriers as individual terms in the 
models. This allows for comparing the effects of each of these factors independent of the others, 
in contrast to the combined syndemic index. Variance inflation and outliers were assessed by 
measuring the variance inflation factors and leverages respectively; there was no evidence of 
variance inflation (VIF<10) and no overly influential data points for any of the models.  
All data was analyzed in SAS using survey commands, incorporating sample weights and 
using statements to account for the stratified and clustered study design. Two-sided tests of 








 Data from 1,829 Black male participants were analyzed, with approximately a third of 
these participants having never been HIV tested. Approximately a third of the sample was in 
poverty, and half of the sample had an education of high school or less. 97% of the sample 
identified as heterosexual. There was less than 3% nonresponse to all variables other than 
poverty status, which had 7% nonresponse. Nonresponse for poverty status was not significantly 
associated with any of the other covariates however, so a complete-case analysis was used. 
 Table 1 shows the association between each psychosocial factor and demographic with 
ever having been HIV tested. Participants who were never HIV tested were significantly more 
likely to be aged 18 to 24 years (31.5% compared to 9.6), be unmarried (69.8% compared to 
52.6%), have an education of high school or less (51.2% compared to 40.3%), have no health 
insurance (23.1% compared to 15.7%), and be in poverty (42.5% compared to 26.0%). 
Participants with a syndemic factor index of 2 or 3 were significantly more likely to have never 
been HIV tested compared to those with an index of 0 to 1 (49.2% compared to 31.7%). When 
comparing proportions of HIV testing at each level of syndemic component factors, there was a 
clear trend of increasing proportions of never having been HIV tested with an increasing 
syndemic factor index (Figure 1). 
 Table 2 shows the correlations between each syndemic component factor and ever having 
been HIV tested. Poverty status was associated with never having been HIV tested (Φ=.17, 
p<.001), 2 or more healthcare barriers (Φ=.10, p<.001), and having had a diagnosis of depression 
(Φ=.19, p<.001). Having been diagnosed with depression was also associated with having 2 or 
more healthcare barriers (Φ=.08, p<.001). 
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 In models including each of the syndemic factors individually (Table 3), only poverty 
was significantly associated with never having been HIV tested, and only in the unadjusted 
model 1 (PR=1.59, 95% CI = 1.27, 1.98). None of the factors were significant in the model 2 
adjusted for education, age, and marital status. Models 3 and 4 show log-binomial regression 
estimates using the cumulative syndemic index. In the unadjusted model 3 using the syndemic 
index, we observed significant associations with never having been HIV tested among 
participants with a syndemic index of 2 (PR=1.52, 95% CI 1.13 to 2.05) and 3 (PR=2.06, 95% CI 
1.20 to 3.54) compared to an index of 0. In the model 4 adjusted for education, age, and marital 
status, these associations were attenuated, though an index of 3 was still significantly associated 
with a higher prevalence of never having been HIV tested (aPR=1.46, 95% CI 1.09 to 1.95). 
 
Discussion 
 This study shows that poverty, depression, and a lack of healthcare access form a 
syndemic impacting HIV testing among Black men. While each of these factors individually 
impact HIV testing behaviors, individuals affected by several of these factors may be especially 
discouraged from HIV testing. This may have an adverse effect on HIV testing promotion 
targeting Black men. The results also illustrate important needs to be considered when serving 
this community; there were notably high proportions of poverty among Black men who have 
never been HIV tested. Poverty is a particularly relevant factor given that it displayed the largest 
correlations with the other syndemic component factors measures. 
A syndemic approach is a valuable method for understanding how psychosocial and 
structural factors impact HIV testing among Black men. There were correlations observed 
between poverty, healthcare access and mental health. The correlations among the syndemic 
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factors and ever having been HIV tested were generally small, but significant. The psychosocial 
index demonstrated an especially large increase in proportions of never having been HIV testing 
with an increasing number of factors, with the proportion of never having been HIV tested 
approximately twice as high among those who had all 3 syndemic component factors compared 
to those with 0 or 1. This may suggest that these factors have an individually small effect on each 
other, but a more pronounced cumulative effect on HIV testing behaviors. Andersen’s healthcare 
utilization posits that utilization of healthcare services is determined by predisposing, enabling, 
and reinforcing factors45. Depression may be a predisposing factor under this model, while 
poverty, and a lack of healthcare access may represent enabling factors that may discourage HIV 
testing. The application of syndemic theory to healthcare utilization outcomes may further 
inform how predisposing factors impact enabling factors. 
An inherent limitation in the cross-sectional study design is the inability to assess 
temporality. The measure of poverty is more recent that the outcome of ever having been HIV 
tested, making temporality a concern. Because the sample is almost entirely heterosexual, results 
cannot be readily generalized to gay and bisexual identifying Black men. It should be noted 
however that within heterosexual men, Black men account for the largest number of new cases2. 
There is also some limitation in the exclusion criteria of self-reporting sexual identity. 
Individuals who are gay or bisexual may be more likely to report as heterosexual or refuse the 
question altogether due to stigma and discrimination targeted towards sexual minorities. Finally, 
while variables were selected based on an association with HIV testing as well as associations 
documented in the literature, there may be relevant predictors that were not included, such as 





This research is a unique and informative approach to examining how psychosocial 
factors affect HIV testing among Black men in the United States. To our knowledge, this is the 
first study utilizing syndemic theory in studying HIV testing as an outcome. Understanding 
psychosocial barriers to HIV testing in a high-risk population can have a very tangible positive 
impact on public health strategies to reduce HIV incidence such as treatment-as-prevention; the 
TaP strategy of reducing HIV incidence is contingent on identifying HIV cases through testing 
so treatment can be initiated14. The ability to characterize high risk populations in terms of 
psychosocial risk factors can allow for more appropriately tailored and competent interventions. 
Further research into syndemics affecting HIV testing among BMSM may inform more specific 




Table 1. Demographic and psychosocial characteristics, stratified by HIV testing history (n=1,829) 
Variables HIV Tested (n=1216) % Never HIV Tested (n=613) % 
Health Insurance*   
Has Insurance 84.3 76.9 
Does not have Insurance 15.7 23.1 
Personal Doctor   
Has personal doctor 73.4 69.7 
Does not have personal doctor 26.6 30.3 
Could not Access Doctor due to Cost   
Could access doctor 88.0 85.6 
Could not access doctor 12.0 14.4 
Time since last routine Checkup   
Less than 1 year 70.7 70.5 
More than 1 year or never 29.3 29.5 
Combined Healthcare Barriers Scale*   
0 51.6 48.7 
1 25.4 23.7 
2 13.6 12.8 
3 6.6 12.0 
4 2.7 2.8 
Ever Diagnosed with Depression   
Not diagnosed with depression 89.4 88.1 
Diagnosed with depression 10.6 11.8 
Poverty Status***   
Not in poverty 74.0 57.5 
In poverty 26.0 42.5 
Highest Education Level***   
High school or less 40.3 51.2 
Some college 33.4 33.6 
College graduate 25.1 15.2 
Sexual Identity   
Heterosexual 97.1 98.6 
Gay / Bisexual 2.9 1.4 
Marital Status***   
Not married 52.6 69.8 
Married 47.5 30.2 
Age Group***   
Age 18 to 24 9.6 31.5 
Age 25 to 34 19.5 15.0 
Age 35 to 44 35.6 18.8 
Age 45 to 54 35.3 34.7 
Syndemic Component Index**   
0 53.6 44.9 
1 34.4 32.9 
2 10.6 17.5 
3 1.5 4.7 









Table 2. Correlations between syndemic component factors and HIV testing (n=1,829) 
















- - - 0.19*** 
*p<.05, **p<.01, ***p<.001 
 
 
Table 3. Prevalence ratios and 95% confidence intervals for the association between the syndemic component factors and 
the syndemic index with ever having been HIV tested (n=1,829). 
 Model 1 Model 2 Model 3 Model 4 
Ever Diagnosed with Depression     
      Not diagnosed with depression 1.00 1.00   
      Diagnosed with depression 0.97 (0.66, 1.41) 1.01 (0.72, 1.42)   
Poverty Status     
      Not in poverty 1.00 1.00   
      In poverty 1.59 (1.27, 1.98) 1.25 (0.99, 1.57)   
Combined Healthcare Barriers 
Scale 
    
      Continuous 1.05 (0.94, 1.16) 1.04 (0.94, 1.15)   
Syndemic Component Index     
      0   1.00 1.00 
      1   1.10 (0.85, 1.40) 0.90 (0.71, 1.13) 
      2   1.52 (1.13, 2.05) 1.19 (0.89, 1.60 ) 
      3   2.06 (1.20, 3.54) 1.46 (1.09, 1.95) 
Education     
<High school degree  1.00  1.00 
Some college   0.93 (0.71, 1.20)  0.92 (0.72, 1.19) 
College degree  0.86 (0.66, 1.13)  0.82 (0.62, 1.07) 
Age     
       18 to 24   1.00  1.00 
25 to 34   0.50 (0.34, 0.76)  0.49 (0.34, 0.72) 
       35 to 44   0.43 (0.30, 0.62)  0.40 (0.28, 0.57) 
       45 to 54  0.67 (0.51, 0.87)  0.61 (0.48, 0.78) 
Marital Status     
Unmarried  1.00  1.00 
Married  0.84 (0.65, 1.09)  0.83 (0.64, 1.06) 
*Estimates where p<.05 are bolded to facilitate interpretation. Estimates reflect the prevalence of never having been HIV 










Figure 1: Proportion of never having been HIV tested across Syndemic Component Index (n=1,829) 
 














Proportion Never HIV Tested
No Factors (Reference) 1 Factor 2 Factors** 3 Factors**
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Chapter 4 – Sexual Identity Moderates the Association between Healthcare Access and 
HIV Testing among Black Men (Manuscript 2) 
 
Abstract 
 Black men who have sex with men (BMSM) bear the highest HIV prevalence and 
incidence. Black heterosexual men also have higher HIV incidence than any other race within 
heterosexual men. Understanding differences in barriers to HIV testing between these two 
groups can help inform HIV promotion to these groups. This study aimed to test if sexual 
identity moderated the association between three healthcare access measures (not having health 
insurance, not having a personal doctor, and ever being unable to see a doctor due to cost) and 
ever having been HIV tested. A total of 2,091 participants in the 2014 and 2015 Behavioral Risk 
Factor Surveillance System were analyzed using multivariate log-binomial regression. 
Gay/bisexual identity significantly moderated the association between health insurance and ever 
having been HIV tested (PR=6.77; 95% CI 2.06 to 22.27). This effect was attenuated, but still 
significant after adjusting for education, age, marital status, and survey year (aPR=4.36; 95% CI 
1.40 to 13.62). After adjusting for covariates, there was a significant association between not 
having health insurance and never having been HIV tested only among gay/bisexual participants 
(aPR=4.84, 95% CI 1.19 to 19.70). There was no significant moderating effect for not having a 
personal doctor and ever being unable to see a doctor due to cost. Future research is needed to 
understand why gay/bisexual men without insurance are more likely to never have an HIV test 






BMSM are the single highest risk group for HIV infection in the United States1, 16. 
BMSM face numerous psychosocial stressors that impact HIV testing behavior, including racial 
and homophobic discrimination40, 46, 47. Black heterosexual men, while not impacted by 
homophobia, still face racial HIV disparities36, 37, 41, 48. Both of these groups are disparately 
affected by psychological and structural factors associated with adverse health behaviors and 
outcomes. 
While there is substantially larger HIV risk among Black sexual minority men compared 
to Black heterosexual men, both groups bear the largest burden of HIV prevalence and incidence 
within their respective stratum of sexual identity among men1, 16. There is a continued need for 
HIV testing promotion to both of these populations; effective promotion methods require 
understanding the differences in factors impacting HIV testing between these two populations. 
Several structural factors have been shown to impact HIV testing practices, so understanding 
how these factors affect HIV testing practices differently between Black heterosexual men and 
Black gay/bisexual men may better inform the development of interventions tailored to each of 
these populations. As HIV testing is the foundation of the treatment cascade, more in-depth 
understanding of how factors affect HIV testing in high-risk populations can contribute to greater 
success in combating the HIV epidemic. 
Information on how sexual identity modifies the association between risk factors and 
health outcomes is relatively limited, but does generally support that sexual identity is a relevant 
modifier to consider; A study by Zellner et al. found that sexual identity modified the association 
between bisexual behavior and HIV risk, with the highest HIV risk observed among those who 
identified as heterosexual but engaged in bisexual sexual behavior49. A study by Grella et al. 
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found that sexual identity modified gender based disparities in unmet treatment needs for mental 
illness and substance use50. A study by Lahvot et al. on female veterans found that sexual 
behavior modified the association between age and alcohol misuse; there was a greater 
association between young age and alcohol misuse among women who had sex with women 
compared to women who only had sex with men51. Several studies illustrate the negative impact 
of social and structural factors on HIV/STI related outcomes among BMSM3, 46, 47, 52, 53. In a 
qualitative study by Malebranche et al., fear of racial discrimination and homophobia were both 
barriers to young Black gay men accessing healthcare services54. In addition to substantial 
evidence of psychosocial factors negatively impacting Black sexual minorities, there are also 
many studies showing how Black heterosexual men are also negatively impacted by 
psychosocial and structural factors 39-41. A study by Gwadz et al found that both access to 
medical care and poverty were both predictors of HIV testing among heterosexual men (Gwadz, 
2016). 
The objective of the study is to test if sexual identity moderates the association between 
healthcare access and ever having been HIV tested. The study is grounded in Andersen’s 
healthcare utilization model45. According to the model, healthcare utilization is determined by 
three types of factors: predisposing factors, enabling factors, and need. Healthcare access 
represents an enabling factor under this model. The rationale for testing for effect modification 
by sexual identity is grounded in Minority Stress Theory26. Minority stress theory posits that 
health disparities among sexual minority populations, such as gay and bisexual populations, are 
primarily explained by multiple stressors created in a discriminatory and prejudiced culture. This 
leads to experiences of discrimination, expectations of rejection, and internalized homophobia. 
These stressors may impact healthcare experiences, causing healthcare experiences to differ 
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among Black sexual minority men compared to Black heterosexual men since these stressors 
exist in a context of a homophobic culture. Testing for effect modification allows us to examine 
whether these stressors are different in sexual minorities (i.e., due to a homophobic culture). 
While there have been studies on how healthcare access affects HIV-related outcomes among 
racial minorities, studies generally have not tested effect modification of sexual identity before, 
which may be an important factor to consider  19, 52. The majority of prior studies often do not 






This study employs a cross-sectional design using data from the 2014 and 2015 
Behavioral Risk Factor Surveillance System (BRFSS), a nationally representative cross-sectional 
telephone survey of approximately 400,000 adult participants in the United States. Data from this 
survey is weighted and collected using a complex stratified and clustered design. The 2015 
BRFSS collected both land-line and cell-phone data, allowing it to reach more varied populations 
that a purely land-line phone survey will. Because some of the modules containing variables of 
interest were optional in the data collection process, only participant interviews where modules 
including the variables of interest were used were included for this study. All states were 
represented in the optional modules. Data was pooled across the two years. There was less than 
3% nonresponse across every variable, so a complete-case analysis was used. 
31 
 
 This study is limited to Black men, ages 18 to 54 years of age, who self-identify either as 
straight (heterosexual), gay, or bisexual. Women, men of other races, and participants who did 
not report sexual identity are excluded from this study.  
 
Measures 
Having never been HIV tested is the outcome variable of interest (Previously tested, 
Never tested). The benefit to this measure is that it may be easier to recall accurately than a 
frequency based measure, and will not vary within subject over time in the same way a 
frequency based measure will. Multiple studies have utilized this measure of HIV testing31-33. 
The primary exposure is healthcare access, operationalized as health insurance status 
(Insured, Uninsured), having a personal doctor (Has a personal doctor, No personal doctor), and 
ever having been unable to access a doctor due to cost (Never unable to access, 
Previously/currently unable to access). The moderator of interest is sexual identity 
(Heterosexual, Gay/Bisexual). There are limitations to the sexual identity measure however, as 
there are more sexual identities that are not encompassed in this coding. Some BMSM may not 
self-identify with any of these choices, and may more closely self-identify with an identity such 
as same-gender loving, though it should be noted that approximately 97% of participants in the 
sample did self-identify as either heterosexual, gay, or bisexual. 
Covariates used included education (Less than high school, high school graduate, some 
college, College graduate), age group (18 to 24, 25 to 34, 35 to 44, and 45 to 54), marital status 
(married, unmarried) and survey year (2014, 2015). Education, age group, and marital status 
each produced a greater than 10% change in effect estimates for healthcare access measures, so 
these were included as confounders. While survey year did not change the effect estimates of any 
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of the measures of healthcare access by 10% or more, it is standard to adjust for survey year 
when pooling data, so this term was still included in all adjusted models. 
 
Statistical Analysis 
A Rao-Scott chi-square test was used to test differences in proportions of healthcare 
access and covariates between men who have never been HIV tested and men who have been 
HIV tested across strata of sexual identity. This modification of the Chi Square test was used 
because it allows for the analysis of stratified and clustered data. Multivariate log-binomial 
regression modeling was used to generate prevalence ratios (PR) comparing proportions of never 
having been HIV tested between those without each measure of healthcare access and those with 
healthcare access. Four models were generated; Model 1 only included the three healthcare 
access measures. Model 2 adds age, marital status, education, and survey year as covariates. 
Model 3 included the three measures of healthcare access, sexual identity, and an interaction 
term for sexual identity and each of the healthcare access measures. Model 4 adds age, marital 
status, education, and survey year as covariates to Model 3. Covariance was assessed by 
calculating the variance inflation factor of each term; there was no evidence of covariance in any 
of the models. 
 
Results 
 A total of 2,201 Black, male participants aged 18 to 54 were analyzed (Weighted 
n=3,366,112). Approximately a third of participants had never been HIV tested. 97% of the 
sample identified as heterosexual. Approximately 80% of the overall sample had health 
insurance, and approximately 80% had never been unable to access a doctor due to cost. 
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Approximately 60% of the sample had a personal doctor. Nearly 90% of the sample had an 
education of high school or greater. Because there was less than 4% nonresponse to all variables 
used, a complete-case analysis was employed. 
In bivariate analyses, among gay/bisexual participants who had never been HIV tested 
significantly more likely to not have health insurance (44.9% compared to 11.5%). Having a 
personal doctor and ever having been unable to access a doctor due to cost were not significantly 
associated with ever having been HIV tested. There was no significant association between any 
of the healthcare access measures and HIV testing among heterosexual participants. Among both 
heterosexual and gay/bisexual participants who had never been HIV tested were more likely to 
be age 18 to 24 compared to any other age group, particularly among gay/bisexual participants 
(86.2% compared to 10.9%). Education and marital status were not significantly associated with 
ever having been HIV tested. 
There were no significant main effects of any of the healthcare access measures in any of 
the models. Gay/bisexual identity was significantly associated with lower prevalence of never 
having been HIV tested in both the unadjusted model 3 (PR=0.25; 95% CI 0.08 to 0.78) and the 
model 4 adjusted for covariates (aPR=0.23; 95% CI 0.08 to 0.72). Additionally, gay/bisexual 
identity significantly moderated the association between health insurance and ever having been 
HIV tested (PR=6.77; 95% CI 2.06 to 22.27). This effect was attenuated, but still significant after 
adjusting for education, age, marital status, and survey year (aPR=4.36; 95% CI 1.40 to 13.62). 
Based on Model 4, there is a significant association between not having health insurance and 
never having been HIV tested among gay/bisexual participants after adjusting for covariates 
(aPR=4.84, 95% CI 1.19 to 19.70). Among covariates in Model 4, compared to the reference age 
group of 18 to 24 years, age of 25 to 34 years (aPR=0.66; 95% CI 0.50, 0.86), 35 to 44 years 
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(aPR=0.62; 95% CI 0.47, 0.83), and 45 to 54 years (aPR=0.62; 95% CI 0.47, 0.83) were all 
associated with lower prevalence of never having been HIV tested. Marital status, education 




 A lack of health insurance was significantly associated with higher prevalence of never 
having been HIV tested, but only among gay/bisexual men. Gay and bisexual men may be more 
likely to utilize HIV testing channels that are funded fully or in part by health insurance. The 
absence of healthcare access may function as a barrier to HIV testing only for sexual minority 
men. This also has implications for how the treatment cascade may differ between heterosexual 
and gay/bisexual men, and may inform tailoring interventions to improve HIV testing promotion 
in these populations. Further research into how stages in the treatment cascade differ between 
heterosexual and gay/bisexual men may build upon these differences in the effects of healthcare 
access on HIV testing. Though gay/bisexual identity did not significantly moderate the 
association between a lack of healthcare access due to cost and HIV testing, this may be 
negatively impacted by information bias, as income-related measures can be prone to socially 
desirable reporting. 
 Though not statistically significant, within the sample a larger proportion gay and 
bisexual men who had never been HIV tested reported having a personal doctor compared to 
those who had been HIV tested. Gay and bisexual participants who had previously been HIV 
tested may be more likely to utilize channels of HIV testing outside of a personal doctor, such as 
testing through community centers, outreach organizations, and mobile clinics. As many of these 
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channels are targeted specifically towards the gay/bisexual/transgender (GBT) community, 
having a personal doctor may be more of a channel for HIV testing among heterosexual men 
compared to sexual minority men. 
 This study contributes to the literature on HIV testing among Black men in multiple 
ways. Firstly, this utilizes a nationally generalizable sample with a very large sample size. 
Sociodemographic proportions in this study were consistent with larger national statistics, further 
reinforcing this study’s generalizability to Black male populations in the United States. The 
focus on sexual identity as an effect modifier of the association between healthcare access and 
HIV testing has not been explored in the literature. This allows for direct comparison of the 
association between healthcare access and HIV testing between heterosexuals and sexual 
minorities, and the results support examining the role of healthcare insurance as a mechanism to 
HIV testing differently based on sexual identity. The use of multiple dimensions of healthcare 
access also provides a nuanced understanding of healthcare access in these populations. This 
study provides support for future research examining the different components of healthcare 
access individually, as a single more generalized healthcare index or scale would not capture the 
significant differences observed in this study. 
 Because this study is limited to Black men, it is not generalizable to other racial groups, 
such as Latino populations also disparately affected by HIV. This restriction is appropriate given 
that Black men are disproportionately affected by HIV however, so there is value in examining 
this population. Additionally, this study does not examine how the participant’s perception of 
risk of HIV impacts HIV testing behavior, as these measures were unavailable. Similarly, 
measures of healthcare providers’ assessments of patient HIV risk are likely to impact the 
association between healthcare access and HIV risk. Because the outcome is never having been 
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HIV tested, there are limitations to the temporality of the measures of health insurance and 
having a personal doctor. The aim of this study is to identify key characteristics of the population 
of Black men who have never been HIV tested however, as this may help inform characteristics 
of those not effectively reached by current HIV testing promotion methods. There are limitations 
to the sexual identity measure, as this may be affected by nonresponse bias, though a study by 
Jans et al. found no significant trend in nonresponse to sexual orientation questions across a 
decade55. Additionally, differences in HIV risk differ based on sexual behavior rather than 
identity, although HIV risk differences are strongly reflected in sexual identity as well. 
 
Conclusion 
To our knowledge, this is the first study illustrating that health insurance status is a 
barrier to HIV testing for gay/bisexual Black men, but not heterosexual Black men. This study 
highlights differences in how a lack of healthcare access functions as a barrier to HIV testing 
between heterosexual and sexual minority Black men. Further study into the mechanisms of this 
moderating effect are recommended, such as how HIV testing is differentially promoted by 






Table 1. Demographic and healthcare access characteristics, stratified by sexual identity and HIV 
testing history (Unweighted n=2,091, Weighted n=3,295,989). 
 Heterosexual Identity Gay/Bisexual Identity 















Health Insurance     
      Has insurance 81.4 79.0 88.5 55.1 
      Has no insurance 18.6 21.0 11.5 44.9 
Ever Unable to Access 
Doctor Due to Cost 
    
      Able to access 84.5 85.2 78.6 82.1 
      Unable to access 15.5 14.8 21.4 17.9 
Personal Doctor     
      Has personal doctor 63.0 61.4 79.2 92.2 
      No personal doctor 37.0 38.6 20.8 7.8 
Education     
Less than high school 10.2 16.5 11.6 0.0 
High school graduate 34.3 34.0 22.6 31.8 
Some college 35.3 30.9 41.0 62.6 
College graduate 20.1 18.6 24.7 5.6 
Age     
       18 to 24  11.6 31.3 20.1 86.2 
25 to 34  26.6 19.7 38.7 2.0 
       35 to 44  32.5 20.8 19.7 0.8 
       45 to 54 29.3 28.3 21.5 10.9 
Marital Status     
Unmarried 66.0 78.0 97.4 95.0 
Married 34.0 27.0 2.6 5.0 





Table 2. Prevalence ratios of the association between healthcare access and ever having been HIV tested 
(Unweighted n=2,091, Weighted n=3,295,989). 
 Model 1 Model 2 Model 3 Model 4 
Health Insurance     
      Has insurance 1.00 1.00 1.00 1.00 
      Has no insurance 1.15 (0.86, 1.55) 1.14 (0.88, 1.47) 1.12 (0.83, 1.51) 1.11 (0.85, 1.45) 
Personal Doctor     
      Has personal doctor 1.00 1.00 1.00 1.00 
      No personal doctor 0.94 (0.69, 1.30) 1.03 (0.79, 1.35) 0.96 (0.69, 1.32) 0.94 (0.75, 1.19) 
Access Doctor Due to Cost     
      Could access 1.00 1.00 1.00 1.00 
      Could not access 1.02 (0.81, 1.29) 0.96 (0.76, 1.21) 1.02 (0.81, 1.29) 1.04 (0.79, 1.37) 
Sexual Identity     
Heterosexual   1.00 1.00 
Gay/Bisexual   0.25 (0.08, 0.78) 0.23 (0.08, 0.72) 
Gay/bisexual Identity * 
Health Insurance 
    
      Has insurance   1.00 1.00 
      Has no insurance   6.77 (2.06, 22.27) 4.36 (1.40, 13.62) 
Gay/bisexual Identity * 
Personal Doctor 
    
      Has personal doctor   1.00 1.00 
      Has no personal doctor   0.15 (0.03, 0.80) 0.28 (0.06, 1.32) 
Gay/bisexual Identity * 
Access Doctor Due to Cost 
    
      Could access   1.00 1.00 
      Could not access   1.72 (0.68, 4.35) 1.65 (0.72, 3.79) 
Education     
College graduate  1.00  1.00 
Some college  0.85 (0.64, 1.14)  0.85 (0.63, 1.13) 
High school graduate  0.95 (0.72, 1.24)  0.93 (0.71, 1.22) 
Less than high school  1.32 (0.92, 1.88)  1.30 (0.91, 1.85) 
Age     
       18 to 24   1.00  1.00 
25 to 34   0.39 (0.28, 0.53)  0.40 (0.29, 0.54) 
       35 to 44   0.39 (0.27, 0.55)  0.39 (0.27, 0.55) 
       45 to 54  0.52 (0.41, 0.67)  0.52 (0.40, 0.67) 
Marital Status     
Unmarried  1.00  1.00 
Married  1.05 (0.81, 1.35)  1.01 (0.78, 1.30) 
Survey Year     
2014  1.00  1.00 
2015  1.07 (0.51, 2.28)  1.10 (0.52, 2.35) 
Bolded values indicate statistical significance (p<.05). Estimates reflect the ratio of prevalence of never having 
been HIV tested in each group compared to the reference group. 
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Chapter 5 – Latent Class Analysis of a Syndemic of Risk Factors on HIV Testing among 
Black Men (Manuscript 3) 
 
Abstract 
Syndemic methodology has been employed in several studies of HIV-related outcomes 
affecting Black men who have sex with men. In contrast to the most common method for 
assessing syndemics, the use of a syndemic component index, latent class analysis can identify 
unique combinations of risk factors that may form a syndemic. Analyzing a sample of 1,829 
Black men from the 2015 Behavioral Risk Factor Surveillance System (BRFSS), we used a 4 
latent class model based on depression, poverty, and healthcare access to predict ever having 
been HIV tested. Class 1 was characterized by low proportions of all of the risk factors, while 
Class 2 was characterized by high proportions of all the risk factors. Class 3 had relatively high 
depression (.2171) and poverty (.8903), but generally low barriers to healthcare access. Class 4 
had some healthcare barriers, being the most likely to not have a personal doctor (.8267), and 
was the most likely to have no routine checkup in the past year (.6740), but had relatively low 
depression and poverty. Using log-binomial regression models, there was a significantly higher 
prevalence of never having been HIV tested among class 2 (PR=2.94, 95% CI 2.40, 3.59) and 
class 3 (PR=1.44, 95% CI 1.11, 1.87) compared to class 1. When adjusting for education, age, 
and marital status, the associations were attenuated but still significant for class 2 (aPR=2.27, 
95% CI 1.83, 2.82) and marginally significant for class 3 (aPR=1.25, 95% CI 0.96, 1.63). Latent 
class analysis may better serve syndemic research aims in understanding HIV-related outcomes 
among high-risk populations. Future research using this method to evaluate HIV testing 




Black men and women in the United States bear the greatest burden of HIV incidence of 
any racial group1. Though Black men who have sex with men (BMSM) are most affected HIV, 
Black heterosexual men also have disparately high HIV incidence compared to heterosexual men 
of other races2, 16. A substantial proportion of HIV positive individuals are unaware of their 
status, ranging as high as 20% by some CDC estimates (CDC, 2011). There are many 
psychosocial and structural factors that affect HIV testing outcomes among Black men4, 5, 10, 36-38. 
Psychosocial barriers to HIV testing will ultimately impact HIV infection among Black men, as 
HIV testing is the first step in the treatment cascade, so understanding these barriers better 
informs health policy in addressing the HIV epidemic among the most at-risk communities14. 
Poverty, depression, and a lack of healthcare access have all been shown in previous research to 
function as barriers to HIV testing as well and are associated with other adverse HIV-related 
outcomes29, 42, 44, 56, 57. Additionally, there are correlations among these factors as well; poverty is 
associated with poor mental health, for example30.  
Studying poverty, depression, and a lack of healthcare access individually does not 
provide a complete picture of how they may affect HIV risk. There may be mutual reinforcement 
between these factors; for this reason, syndemic theory is a useful theoretical framework for 
identifying the cumulative impact of psychosocial and structural factors. Syndemic theory posits 
that multiple adverse health conditions have a synergistic, cumulative effect on adverse health 
outcomes, and has been used in several studies to examine the effects of multiple interacting 
psychosocial and structural risk factors on HIV-related outcomes6, 7, 27-29. A study by Dyer et al. 
on a cohort of men who have sex with men (MSM) found that increasing numbers of syndemic 
psychosocial conditions were associated with more condomless anal intercourse7. A study by 
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Mustanski et al. reported that a syndemic measure consisting of violence, substance use, and 
internalizing mental health factors was significantly positively associated with the number of 
condomless anal sex partners6. Increasing numbers of syndemic psychosocial factors have been 
shown to be associated with other HIV-related outcomes as well; a study by Kuhns et al. found 
that a higher number of psychosocial conditions was negatively associated with highly active 
antiretroviral therapy adherence in HIV-positive young adults29. Though the literature on 
syndemics affecting Black heterosexual men is very limited, there are multiple studies showing 
that social and structural factors can adversely affect HIV and STI related outcomes among 
Black heterosexual men39-41. HIV testing access and poverty were associated with lower odds of 
recent HIV testing in a sample of Black and Latino heterosexuals43. A study by Bowleg et. al 
additionally found associations between neighborhood context, depression, substance use, and 
sexual risk behavior in a sample of heterosexual Black men39. While the formation of 
psychosocial syndemics has been assessed in studying risk of HIV acquisition, this methodology 
has not been used in studying HIV testing outcomes. Additionally, there is a literature gap in 
studies of syndemics affecting Black heterosexual men39. 
 Cumulative syndemic indices, which count the number of factors present, are the most 
common methodology employed in assessing syndemics6, 7, 29. Many studies have successfully 
demonstrated a syndemic of risk factors affecting HIV-related outcomes using a cumulative 
index of psychosocial factors. Cumulative indices assume however that each factor has an 
equivalent impact on the psychosocial factors of interest, and that the factors are each measures 
of a single unidimensional syndemic. Though cumulative psychosocial indices are often 
intuitive, due to these assumptions they may not completely capture the complexity of the 
interactions of various psychosocial and structural factors. Different combinations of syndemic 
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factors may have distinct effects on HIV risk that are not detectable when only incorporating the 
number of factors present. The objective of the study is to identify latent classes of HIV testing 
probabilities based on combinations of social and structural factors. This also allows us to 
determine if the latent classes of HIV testing deviate significantly from unidimensionality 
assumptions. A deviation from this assumption may provide support for the use of latent class 
analysis as opposed to a cumulative psychosocial index in future research into HIV-related 





We employed a cross-sectional design using data from the 2015 Behavioral Risk Factor 
Surveillance System (BRFSS), a nationally representative cross-sectional telephone survey of 
approximately 400,000 adult participants in the United States. Data from this survey is weighted 
and collected using a complex stratified and clustered design. The 2015 BRFSS collected both 
land-line and cell-phone data, allowing it to reach more varied populations that a purely land-line 
phone survey will. Because some of the modules containing variables of interest were optional in 
the data collection process, only the interviews where modules including the variables of interest 
were used were including for this study. All states were represented in the optional modules. 
There was less than 3% nonresponse across every variable except poverty, which had 7% 
nonresponse. There was no association between poverty nonresponse and any of the variables 
used in the study however, so a complete-case analysis was used. 
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 This study is limited to Black men, ages 18 to 54 years of age, who self-identify either as 
straight (heterosexual), gay, or bisexual. Women, men of other races, and participants who did 
not report sexual identity are excluded from this study.  
 
Measures 
The outcome variable is having never been HIV tested (Previously tested, Never tested). 
The benefit to this measure is that it may be easier to recall accurately than a frequency based 
measure, and will not vary within subject over time to the same degree that a frequency based 
measure will. Multiple studies have utilized this measure of HIV testing31-33. 
The psychosocial/structural factors include depression (Never diagnosed, Ever 
diagnosed), poverty status (Not in poverty, In poverty), health insurance (Has Insurance, Has no 
insurance), not being able to see a doctor due to cost (Has never occurred, Has occurred), not 
having a personal doctor (Has personal doctor, has no personal doctor), and length of time since 
last routine checkup (Within past year, Not within past year). The four healthcare access 
measures demonstrated moderate internal consistency (Cronbach’s alpha=0.60). Poverty status 
was calculated using reported household income, and number of adults and children in the 
household. United States poverty thresholds for 2015, based on number of adults and children in 
the household, was used to assign poverty status. Covariates included age (18 to 34, 35 to 44, 
and 45 to 54), education level (High school or less, Some college, College graduate), marital 
status (Married, Not married), and sexual identity (Heterosexual, Gay/Bisexual). The age 
category of 18 to 34 was collapsed from the 18 to 24 and 25 to 34 age groups, due to relatively 
small frequencies in the 18 to 34 age group preventing convergence in log-binomial regression 
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modeling. Due to the very small sample size among gay/bisexual participants, sexual identity 
could not be included in the latent class analysis or log-binomial regression modeling. 
 
Statistical Analyses 
A Rao-Scott chi-square test was used to test differences in proportions of each 
psychosocial/structural factor and demographics between men who have never been HIV tested 
and men who have been HIV tested. The Rao-Scott modification of the Chi Square test was used 
because it allows for the incorporation of stratified and clustered designs.  
A latent class model with 4 classes was used to assess the unidimensionality assumption 
of a cumulative psychosocial index, using poverty, depression, and the healthcare access 
measures to model the latent classes. The patterns in probabilities of each psychosocial factor 
across each of the latent classes indicated if the factor combinations reflect a unidimensional 
syndemic. To test the fit of a 4 class model, additional models with 3 and 2 classes were 
generated. A likelihood ratio test was used to test if the 4 class model was a significantly better 
fit compared to the 3 class model, and if the 3 class model was a significantly better fit than the 2 
class model (Table 2). Because the 4 class model was a significantly better fit than the 3 class 
model (χ2=1148.86, p<.001), the 4 class model was used in all subsequent analyses. Latent class 
analysis was conducted in R 3.4.0 using the LCCA package, as this package allows for the 
incorporation of stratified and clustered data used in complex designs. 
Demographic covariates and ever having been HIV tested was compared across each of 
the four latent classes. Additionally, log-binomial regression models were used to generate 
prevalence ratios (PR). Both an unadjusted model and a model adjusting for age, education, and 
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marital status were included.  Bivariate analyses and log-binomial regression modeling was 
conducted in SAS 9.4. 
 
Results 
 Data from 1,829 Black male participants were analyzed, with approximately a third of 
these participants having never been HIV tested. Approximately a third of the sample was in 
poverty, and half of the sample had an education of high school or less. 97% of the sample 
identified as heterosexual. Because there was less than 3% nonresponse to all variables used, a 
complete-case analysis was used here. 
Table 1 shows bivariate association between each syndemic component factor and 
demographic with ever having been HIV tested. Participants who were never HIV tested were 
significantly more likely to be aged 18 to 34 years (46.5% compared to 29.1%), be unmarried 
(69.8% compared to 52.6%), have an education of high school or less (51.2% compared to 
40.3%), have no health insurance (23.1% compared to 15.7%), and be in poverty (42.5% 
compared to 26.0%). 
Table 3 shows the probabilities of syndemic component factors across the 4 latent class 
model. The 4 latent class model was a significantly better fit than a 3 class model based on the 
likelihood ratio test (χ2=1148.86, p<.001). Class 1 was characterized by low proportions of all of 
the risk factors, with the lowest proportions of depression (.0589), poverty, (.0730), not having 
health insurance (.0406), not having a personal doctor (.0645), and not having been able to 
access a doctor due to cost (.0527). Class 2 was characterized by high proportions of all the risk 
factors, with the highest proportions of depression (.3834), poverty (.9735), not having health 
insurance (.9180), not having a personal doctor (.9180), and not having been able to access a 
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doctor due to cost (.9183). Class 3 had relatively high depression (.2171) and poverty (.8903), 
but generally low barriers to healthcare access including the lowest proportions of not having a 
routine checkup in the past year (.1466). Class 4 had some healthcare barriers, being the most 
likely to not have a personal doctor (.8267), and was the most likely to have no routine checkup 
in the past year (.6740), but had relatively low depression and poverty. 
Table 4 shows the bivariate association between the latent classes and both demographics 
and ever having been HIV tested. Class 2 was the most likely to have never been HIV tested 
(88.8%), followed by class 3 (43.5%), class 1 (30.2%) and class 4 (22.7%). Class 2 was the most 
likely to be aged 18 to 34 (63.8%), unmarried (83.1%), and have an education level of high 
school or less (83.4%). Class 1 was the most likely to be aged 45 to 54 (44.0%) and have 
graduated college (31%). Class 3 and 4 had similar demographics, with overall higher age and 
educational attainment than class 2, but lower than class 3. 
Table 5 shows the results of the log-binomial regression models. Class 1, which was the 
class with the lowest probability of syndemic factors, was used as the reference group. In the 
unadjusted model, there was a significantly higher prevalence of never having been HIV tested 
among class 2 (PR=2.94, 95% CI 2.40, 3.59) and class 3 (PR=1.44, 95% CI 1.11, 1.87) 
compared to class 1. When adjusting for education, age, and marital status, the associations were 
attenuated but still significant for class 2 (aPR=2.27, 95% CI 1.83, 2.82) and marginally 
significant for class 3 (aPR=1.25, 95% CI 0.96, 1.63). Additionally, after adjusting for covariates 
class 4 has a significantly lower prevalence of never having been HIV tested (aPR=0.68, 95% CI 
0.48, 0.96) compared to class 1. There was a lower prevalence of never having been HIV tested 
among participants aged 35 to 44 (aPR=0.66, 95% CI 0.49, 0.90) compared to those aged 18 to 
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 There were clear differences in HIV testing across latent classes, with the largest 
prevalence of never having been HIV tested among class 2, which had high proportions of all the 
syndemic component factors.  Notably, class 3 only had high proportions of poverty and 
depression but generally low healthcare access barriers, and yet was the class with the second 
highest prevalence of never having been HIV tested. This may suggest that poverty and 
depression in tandem are particularly impactful barriers to HIV testing, with this impact 
exacerbated by the additional presence of healthcare access barriers. While class 1 had the lowest 
proportions of syndemic components overall, class 4 actually had a lower prevalence of never 
having been HIV tested after adjusting for age, education, and marital status. The high education, 
older age, and high proportions of marriage in class 1 may directly influence the low proportions 
of syndemic risk factors and high proportions of HIV testing in this class. 
The latent class analysis identified specific combinations of psychosocial factors that 
were inconsistent with a unidimensional syndemic. While class 2 was characterized by high 
proportions of every risk factor, the patterns of probabilities of these factors were not uniformly 
parallel to HIV testing across classes. This suggests that each factor does not contribute equally 
to the syndemic. For example, poverty was distinctly proportioned within the two classes most 
likely to have never been HIV tested, with proportions greater than 80% in those classes, but did 
not have the lowest proportions in the class the least likely to have never been HIV tested. The 
use of latent class analysis allows for detection of key characteristics of this syndemic that would 
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not be detected using a cumulative syndemic index. It should be noted however that while there 
are some clear departures from assumptions of a cumulative syndemic index, overall the patterns 
observed are broadly consistent with previous research indicating that depression, poverty, and a 
lack of healthcare access can be barriers to HIV testing. In the context of potential interventions 
to improve HIV testing among Black men, the latent class analysis can inform some key 
characteristics of populations that need the most outreach. The high proportions of poverty in 
particular indicate that this is a significant factor to consider. 
The use of a nationally representative dataset incorporating a stratified and clustered 
design is a strength of this study, as it is generalizable to Black men nationally. An inherent 
limitation in the cross-sectional study design is the inability to assess temporality. This study also 
does not address confounding, and does not aim to evaluate the individual effects of each 
psychosocial factor independent of the others. Rather, the focus is identifying the combinations 
of the factors present among Black men, and how these combinations affect HIV testing. Results 
cannot be generalized to gay and bisexual identifying Black men because the sample is 
predominantly heterosexual. Due to the very small proportions of sexual minorities in the 
sample, differences in sexual identity could not be measured. There may be distinct syndemic 
profiles that impact HIV testing patterns among sexual minorities that were not detected in this 
sample. While BMSM bear the greatest burden in HIV incidence and prevalence, it should be 
noted that within heterosexual men, Black men account for the largest number of new cases, 
indicating a significant racial disparity as well2.  
In accordance with syndemic theory, psychosocial and structural factors were selected 
based on their association with HIV testing and their associations documented in the literature, 
though there may be significant predictors that were not included, including additional measures 
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of mental health. As mentioned with some of the variables, social desirability bias is a limitation 
due to the sensitive subject matter.  
 
Conclusion 
This research contributes to the understanding of the ways in which psychosocial and 
structural factors interact to impact HIV testing among Black men in the United States. 
Moreover, the use of latent class analyses helps to elucidate some of the unique combinations of 
risk factors that would not be detectable using conventional cumulative indices. Latent class 
analysis may better serve syndemic research aims in understanding HIV-related outcomes among 
high-risk populations. Future research using this method to evaluate HIV testing outcomes 




Table 1. Demographic and psychosocial characteristics, stratified by HIV testing history (n=1,829) 
Variables HIV Tested (n=1216) % Never HIV Tested (n=613) % 
Health Insurance*   
Has Insurance 84.3 76.9 
Does not have Insurance 15.7 23.1 
Personal Doctor   
Has personal doctor 73.4 69.7 
Does not have personal doctor 26.6 30.3 
Could not Access Doctor due to Cost   
Could access doctor 88.0 85.6 
Could not access doctor 12.0 14.4 
Time since last routine Checkup   
Less than 1 year 70.7 70.5 
More than 1 year or never 29.3 29.5 
Ever Diagnosed with Depression   
Not diagnosed with depression 89.4 88.1 
Diagnosed with depression 10.6 11.8 
Poverty Status***   
Not in poverty 74.0 57.5 
In poverty 26.0 42.5 
Highest Education Level***   
High school or less 40.3 51.2 
Some college 33.4 33.6 
College graduate 25.1 15.2 
Sexual Identity   
Heterosexual 97.1 98.6 
Gay / Bisexual 2.9 1.4 
Marital Status***   
Not married 52.6 69.8 
Married 47.5 30.2 
Age Group***   
Age 18 to 34 29.1 46.5 
Age 35 to 44 35.6 18.8 
Age 45 to 54 35.3 34.7 








Table 2. Latent classes predicting ever having been HIV tested and log-likelihood (n=1,829) 
 4 Class 3 Class 2 Class 
Log-Likelihood -6254.50 -6828.93 -6863.74 
Likelihood Ratio Chi-Square 1148.86*** 69.62*** - 









Table 3. Latent classes of HIV testing probabilities and associated factors (n=1,829) 
Predictors Class 1 Class 2 Class 3 Class 4 
Ever diagnosed with depression .0589 .3834 .2171 .0810 
Poverty status .0730 .9735 .8903 .3050 
Does not have health insurance .0406 .9180 .0955 .4464 
Does not have personal doctor .0645 .9183 .1277 .8267 
Could not access doctor due to cost .0527 .5312 .1192 .4464 
No routine checkup within past year .1701 .4724 .1466 .6740 













Table 4. HIV testing and demographics across latent class membership (n=1,829) 








Highest Education Level***     
High school or less 32.3 83.4 60.9 52.0 
Some college 36.7 13.9 28.9 34.7 
College graduate 31.0 2.7 10.2 13.3 
Sexual Identity***     
Heterosexual 96.9 100.0 98.7 98.0 
Gay / Bisexual 3.1 0.0 1.3 2.0 
Marital Status***     
Not married 46.0 83.1 71.3 72.0 
Married 54.0 16.8 28.7 28.0 
Age Group***     
Age 18 to 34 24.2 63.8 44.4 46.6 
Age 35 to 44 31.8 16.6 25.9 31.8 
Age 45 to 54 44.0 19.6 29.7 21.6 
Ever HIV Tested***     
Previously tested 69.8 11.2 56.5 77.3 
Never tested 30.2 88.8 43.5 22.7 













Table 5. Prevalence ratios and 95% confidence intervals for the association between latent 
class membership and ever having been HIV tested (n=1,829). 
 Model 1 Model 2 
Latent Class Membership   
      Class 1 1.00 1.00 
      Class 2 2.94 (2.40, 3.59) 2.27 (1.83, 2.81) 
      Class 3 1.44 (1.11, 1.87) 1.25 (0.96, 1.63) 
      Class 4 0.75 (0.53, 1.06) 0.68 (0.48, 0.96) 
Education   
High school or less  1.00 
Some college   1.02 (0.90,  1.15) 
College degree  0.81 (0.63, 1.05) 
Age   
       18 to 34   1.00 
       35 to 44   0.66 (0.49, 0.90) 
       45 to 54  0.92 (0.79, 1.09) 
Marital Status   
Unmarried  1.00 
Married  0.75 (0.60, 0.95) 
*Estimates where p<.05 are bolded to facilitate interpretation. Estimates reflect the ratio of 









































Class 1 Class 2 Class 3 Class 4
Poverty Depression No Health Insurance No Personal Doctor No Doctor Due to Cost No Routine Checkup in Past Year
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Chapter 6 – Conclusions & Public Health Significance 
 
 Using a syndemic approach to understanding how psychosocial and structural factors 
affect HIV risk illustrates that there is a cumulative, mutually reinforcing effect between poverty, 
depression, and a lack of healthcare access on HIV testing among Black men. As public health 
strategies to combat the HIV epidemic increasingly focus on TaP and understanding gaps in the 
treatment cascade, it is important to thoroughly understand barriers to HIV testing in the 
populations most at risk for HIV infection. These populations include racial and sexual 
minorities, especially Black men who have sex with men.  
 In developing health policy for how to best combat the HIV epidemic in high risk 
populations, current understanding of psychosocial and structural risk factors may not be 
nuanced enough. Future HIV testing promotion programs should incorporate a multifaceted 
approach to needs assessment that identifies socioeconomic, mental health, and healthcare access 
barriers to HIV testing. Populations most impacted by these barriers may be ideal for target HIV 
testing interventions. As current policies hinge on the successful and timely testing of HIV 
positive individuals, barriers to HIV testing will translate to failures in HIV health promotion 
policies. 
 The use of latent class analysis identified classes of HIV testing behavior based on 
syndemic factors more strongly associated with never having been HIV tested than was observed 
using a cumulative syndemic index. Latent class may be ideal for gaining a more detailed 
understanding of HIV/STI related syndemics in future public health research. As effective public 
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